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Résumé 
Dans les pays les moins développés, tandis que les citadins les plus pauvres sont 
plus susceptibles de mourir de maladies transmissibles et de blessures, les plus ri-
ches pourraient souffrir d’un plus grand fardeau de maladies non transmissibles. Il 
n’est donc pas évident de savoir si dans les villes africaines les adultes les plus pau-
vres sont en moins bonne santé que leurs homologues plus aisés. Dans cet article, 
nous décrivons les inégalités sociales qui caractérisent la mortalité des adultes (per-
sonnes de 15 à 59 ans) à la périphérie de Ouagadougou, capitale du Burkina Faso. 
En utilisant les données du Système de Surveillance Démographique et Sanitaire de 
Ouagadougou, de 2009 à 2011, nous vérifions si des facteurs tels que le niveau 
d’éducation, la pauvreté et la résidence en quartier informel sont liés au risque de 
décès prématuré chez les adultes. Nous menons cette analyse de la mortalité tou-
tes causes confondues, et aussi en considérant trois grandes catégories de causes 
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de décès : les maladies transmissibles, les maladies non transmissibles et les causes 
externes. En limitant l’analyse aux adultes nés à Ouagadougou, nous avons consta-
té que le citadin pauvre fait face à une pénalité sanitaire considérable comparative-
ment au moins pauvre, ce qui est conforme aux attentes basées sur la littérature 
existante. Les non-migrants riches font face à des risques plus faibles de décès pré-
maturé dû aussi bien aux maladies transmissibles qu’aux maladies non transmissi-
bles. Les adultes migrants quant à eux présentent des tendances très différentes 
qui faussent l’image globale des inégalités de santé dans la ville. Les migrants riches 
et les migrants vivant dans les quartiers formels courent un plus grand risque de 
décès de maladies non transmissibles. Ces résultats particuliers sont probablement 
dus à des effets de sélection liés à la migration, et peut-être aussi à des niveaux 
plus élevés d’exposition à des maladies non transmissibles par les migrants. Ils ap-
pellent à une plus grande attention portée sur les effets de la migration lors d’étu-
des sur les différences rurales-urbaines ou les inégalités sociales de santé en Afri-
que sub-saharienne. 
Mots-clés 
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Summary 
In the cities of less developed countries, while poorer residents are likely to be at 
greater risk of dying from communicable diseases and injuries, wealthier residents 
may suffer from a greater burden of non-communicable diseases. It remains thus 
unclear whether poorer African adult city dwellers are in worse health than their 
better-off counterparts. In this paper, we describe the social inequalities that char-
acterize adult mortality (individuals aged 15 to 59) at the periphery of Ouagadou-
gou, the capital city of Burkina Faso. Using data from the Ouagadougou Health and 
Demographic Surveillance System from 2009 to 2011, we test whether factors such 
as levels of education, poverty and informal settlement are related to risks of pre-
mature deaths among adults. We conduct this analysis for all-cause mortality, and 
also considered three main categories of causes of death: communicable diseases, 
non-communicable diseases and external causes. Restricting the analysis to adults 
born in Ouagadougou, we found that the urban poor face a considerable health 
penalty compared to the less poor, which is consistent with expectation based on 
existing literature. Wealthier non-migrants face relatively lower risks of premature 
death, from both communicable and non-communicable diseases. Adult migrants 
exhibit very different patterns of mortality, which distort the overall picture of 
health inequalities in the city. Wealthier adult migrants and migrants living in for-
mal settlements face a greater risk of dying from non-communicable diseases. 
These particular patterns are probably due to selective in and/or out-migration, 
and maybe to greater levels of exposure to non-communicable diseases by mi-
grants. These results call for more attention to the effects of migration when study-
ing rural-urban and social differentials of health in Sub-Saharan Africa. 
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Introduction 
As in most developing countries, urban dwellers in Sub-Saharan Africa 
are, on average, healthier than their rural counterparts, which is con-
sistent with their relatively wealthy status. Urban dwellers are indeed 
richer, more educated and enjoy a higher concentration of health ser-
vices and public amenities (such as safe drinking water) than rural resi-
dents. However, researchers over the last two decades have increasingly 
questioned this «urban health advantage», pointing to the great health 
inequalities within cities that are masked in simple rural-urban compar-
isons. A number of studies have demonstrated that poor urban children, 
especially those living in slums, may very well be in worse health than 
children living in rural areas (Timaeus, Lush, 1995; Gould, 1998; Mont-
gomery et al., 2004; Fotso, 2007; Bocquier et al., 2011b; Günther, 
Harttgen, 2012). Results of the 2008-09 Kenya Demographic and Health 
Survey provide a striking illustration of the «urban penalty» faced by 
many urban poor: the child mortality rate is 151 per 1000 live births in 
Nairobi’s slums, as opposed to 62 per 1000 for the entire capital and 
113 in rural Kenya (KNBS, 2010). 
Some explanations have been proposed for the magnitude of health ine-
qualities that characterize cities of the developing world. First, even if 
health services are relatively abundant in the urban context, health in-
surance schemes are rare, and the procurement of medical care remains 
costly. Although economic factors are not always decisive at the macro 
level (some poor countries, like Cuba and China, have efficient health 
systems for most of their citizens, Cutler et al., 2006), in Sub-Saharan 
African countries where health systems remain weak, individual in-
comes continue to be a key factor in accessing health services. Personal 
wealth, thus, remains a key determinant of health inequalities, including 
within cities (Montgomery, Hewett, 2005; James et al., 2006). 
Secondly, many poor residents live in informal urban settlements which 
provide unsanitary living conditions (Baker, Schuler, 2004; WHO, UN 
HABITAT, 2010). These areas are characterized by a lack of public ser-
vices (including clean water and sanitation) and high population densi-
ties, which are conducive to infectious diseases. Exposure to environ-
mental hazards stemming from pollutants may also be high as these 
areas are often located in unhealthy parts of town near factories or gar-
bage dumps. The unplanned nature of these settlements exposes resi-
dents to risk of accidents. Moreover, adults living in these neighbor-
hoods have been found to be at a high risk of crime, violence and unsafe 
sexual encounters leading to HIV/AIDS (Kyobutungi et al., 2008). 
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Though urban children born to disadvantaged parents (especially those 
living in unsanitary informal neighborhoods) are clearly in worse health 
than wealthier urban children, the relationship between poverty and 
poor health may be weaker among adult city dwellers. Disadvantaged 
urban adults certainly have lower rates of health care utilization. How-
ever, poor adults living in informal settlements do not necessarily suffer 
from a disproportionate burden of infectious diseases, because adults 
are less vulnerable than children to these ailments. Furthermore, some 
informal settlements do not suffer elevated rates of crime and violence, 
as in the case of Ouagadougou (Pison et al., 2012). On the other hand, 
wealthier adults (who live most often in formal areas) may be the most 
rapid adopters of unhealthy lifestyles (fat and sugary diets, alcohol use, 
tobacco use), which may expose them to an even greater burden of non-
communicable diseases than poor urban residents. The literature on 
this issue in Sub-Saharan Africa remains scant, with the existing data 
suggesting that cardiovascular diseases are more prevalent among the 
rich (Dalal et al., 2011). In Ouagadougou, wealth has been associated 
with smoking and being overweight (Ouedraogo et al., 2008; Zeba et al., 
2012; Koueta et al., 2009). Finally, health care provision may be inade-
quate for non-communicable diseases, especially in the least developed 
countries of the continent, and wealthier urban dwellers may not have 
access to better care when it comes to chronic conditions. Some evi-
dence indicates that the provision of health services for non-communi-
cable diseases and injuries is largely insufficient in Sub Saharan African 
cities, and remains prohibitively expensive even for the wealthy (Macia 
et al., 2011; Lagarde, 2007). It remains unclear then whether poorer 
African adult city dwellers face worse health than their wealthier coun-
terparts, given the possibly contradictory effects of several factors at 
this particular stage of the health transition. 
In this paper, to explore the relationship between health and poverty 
among adult city dwellers, we describe the socioeconomic inequalities 
characterizing adult mortality (individuals aged 15 to 59) at the periph-
ery of Ouagadougou, the capital city of Burkina Faso. Using data from 
the Ouagadougou Health and Demographic Surveillance System from 
2009 to 2011, we test whether factors such as level of education, pov-
erty and informal settlements are related to risks of premature deaths 
among adults. For this analysis, we consider all-cause as well as three 
main categories of causes of death: communicable diseases, non-com-
municable diseases and external causes. 
Health and Demographic Surveillance System (HDSS) data offer several 
advantages. First, HDSSs record the dates of demographic events 
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(births, deaths, in and out migrations), longitudinally at least once a 
year, which provides more reliable estimates of the person-years lived 
compared to retrospective data collected in surveys. This, in turn, con-
tributes to more reliable estimates of mortality. Moreover, by conduct-
ing verbal autopsies (VAs) for deaths recorded, HDSSs appear as one of 
the few reliable sources of data on causes of death in developing coun-
tries where many deaths occur outside the hospital and are never re-
ported. 
Data and methods 
Context and population 
The Ouagadougou Health and Demographic Surveillance System (Ouaga 
HDSS) is a platform for health research and interventions established in 
2008 in five neighborhoods of Ouagadougou (Rossier et al., 2012). Two 
of these neighborhoods (Kilwin, Tanghin) are formal neighborhoods 
with full access to public services, while the other three (Nonghin, Poles-
go, Nioko) are unplanned and informal peri-urban settlements (i.e. 
slums) without access to such services. People living in informal areas 
are more often poor, uneducated and born in rural areas than people 
living in formal areas (Rossier et al., 2011). Households in the informal 
areas are usually small, composed of single men or young nuclear fami-
lies, who flock to informal plots in search of affordable housing. These 
young families build houses there in the hopes that, when the city for-
mally allocates the land, their claim will be staked. 
After an initial census conducted between October 2008 and March 
2009 in the five neighborhoods, Ouaga HDSS fieldworkers conducted 
periodic household update rounds (with an average periodicity of 10 
months), registering vital events (births and deaths), marriages and mi-
grations. As of November 2012, the population under surveillance by 
the Ouaga HDSS totaled 86,071 residents (defined as individuals present 
in the zone for at least six months). 
In the event of a death, a verbal autopsy questionnaire is filled with the 
next of kin (with the consent of the family) to determine the circum-
stances that led to the death, including history of the illness and the spe-
cific symptoms that preceded death. This verbal autopsy protocol is 
approved by the World Health Organization and is used by members of 
the INDEPTH Network (the International Network for the Demographic 
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Evaluation of Populations and Their Health). Results of the verbal au-
topsy are entered into InterVA4 software (also approved by the WHO) 
to determine the probable cause of death (http://www.who.int/ 
healthinfo/statistics/verbalautopsystandards/en/). 
Data for this analysis cover the time period 2009-2011 and include 331 
deaths recorded among 63’762 individuals aged 15-59. This population 
under consideration contributed a total of 130’116.4 person-years. Of 
the 331 recorded deaths, 265 VAs were completed. Among the reasons 
for the VA being not done (66 in total), family move is the leading cause, 
with 79% of cases. Refusals and the absence of an ideal respondent ac-
count for 10.5% each. In 75% of VAs cases not done because of family 
move, the deceased was the head of the household; in 18% of cases, the 
deceased was the wife of the head. 
Among the 265 VA which were done, the InterVA4 software was able to 
assign a cause of death to 94.3% of them. The results show that tumors 
(mostly of the throat, digestive tract, respiratory system and breast) are 
the leading causes of death among these Ouagalese adults, accounting 
for 22.3% of the deaths. Cardiovascular diseases are the next leading 
cause of death, responsible for 14.7% of the deaths, followed by injuries 
(8.7%), HIV/AIDS (8.3%), respiratory infections (6.8%), TB (6.4%), ma-
laria (3.8%) and maternal mortality (3.4%). Other causes of death exist 
in small numbers (Table 1). 
TABLE 1 Distribution (%) of deaths by cause of death 
Grouped causes of death by InterVA-4 Frequences Percentage 
Neoplasms 59 22.3 
Cardiovascular diseases 39 14.7 
Injuries 23 8.7 
HIV/AIDS 22 8.3 
Respiratory infections 18 6.8 
Tuberculosis 17 6.4 
Malaria 10 3.8 
Direct obstetric causes 9 3.4 
Asthma 7 2.6 
Meningitis 6 2.3 
Diabetes Mellitus 5 1.9 
Diarrhoeal diseases 2 0.7 
Malnutrition 2 0.7 
Liver diseases 1 0.4 
Other 30 11.3 
Indeterminate 15 5.7 
Total 265 100 
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For our analysis, the dependent variable is the risk of death between the 
ages of 15 and 59. This risk is analyzed both for all causes (including the 
deaths from an unknown cause) as well as for three groups of causes: 
communicable diseases (including HIV/AIDS, diarrheal diseases, direct 
obstetric, infectious diseases, malaria, malnutrition, meningitis, neonatal 
causes, respiratory tract Infection, TB), non-communicable diseases 
(including anemia, asthma, cardio-vascular, chronic obstructive pulmo-
nary disease, diabetes mellitus, liver disease, neoplasm, acute abdomen, 
epilepsy, other unspecified non communicable diseases) and external 
causes of death (injuries). This grouping ensures that there are enough 
cases in each group for a cause-specific mortality analysis. 
Three variables allow for the definition of the urban poor: the material 
standard of living, the level of formal education, and the type of neigh-
borhood they live in (either formal or informal). To maintain large 
enough sample sizes, education level and standard of living were trans-
formed into dichotomous variables (educated/uneducated; poor/not 
poor). Standard of living was measured by a proxy which, for each 
household, takes into account the number and types of material goods in 
a home (i.e. a television or a refrigerator), as well as the most «valuable» 
means of transportation present in the home (none, bicycle, motor 
scooter, car). A poor household has no television, refrigerator, motor 
scooter or car. We use sex and age as control variables. With regards to 
age, although it is introduced as a continuous variable in our models, we 
grouped it into two categories (15-34 years and 35-59 years) in the bi-
variate analysis, which allows us to have enough cases in each group to 
compute mortality rates. 
Table 2 presents the summary distribution of the person-years, with a 
distinction between migrants and native born. A native (non-migrant) is 
defined as someone who was born in Ouagadougou, while a migrant is 
defined as anyone born elsewhere, who moved to the capital city. We 
apply this same distinction to all the subsequent analyses on risk of 
death to test the possible effect of selective migration (Bocquier et al., 
2011a). Information on place of birth was missing for 10.6% of the pop-
ulation considered (6’758 people). These missing values were imputed 
using multiple imputation (van Buuren et al., 1999; Raghunathan et al., 
2001; Azur et al., 2011). This method usually produces more efficient 
estimates than the listwise deletion (Graham, 2009). Furthermore, un-
like the mortality due to communicable and non-communicable diseas-
es, the small number of deaths does not allow us to perform multivari-
ate analysis of mortality due to external causes separately by migration 
status. 
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As expected, the population is made up predominantly of young adults 
(less than 35 years of age), non-poor and educated (Table 2). It is rela-
tively balanced between the sexes. Compared to migrants, fewer city-
born have no formal education or live in informal settlements. 
TABLE 2 Characteristics of the person-years 
Variables All residents Non-migrants Migrants 
Standard of living       
   Poor 46’942.6 (36.1%) 11’907.7 (28.9%) 35’034.8 (39.4%) 
   Not poor 83’173.8 (63.9%) 29’273.3 (71.1%) 53’900.6 (60.6%) 
Education       
   Not educated 52’619.2 (40.4%) 9’334.6 (22.7%) 43’284.7 (48.7%) 
   Educated 77’497.2 (59.6%) 31’846.4 (77.3%) 45’650.7 (51.3%) 
Type of neighborhood       
   Informal 57’983.2 (44.6%) 12’137.6 (29.5%) 45’845.5 (51.5%) 
   Formal 72’133.2 (55.4%) 29’043.4 (70.5%) 43’089.9 (48.5%) 
Sex       
   Male 66’397.3 (51.0%) 20’839.0 (50.6%) 45’558.3 (51.2%) 
   Female 63’719.1 (49.0%) 20’342.0 (49.4%) 43’377.1 (48.8%) 
Age group       
   15-34 91’520.3 (70.3%) 33’048.3 (80.3%) 58’472.0 (65.7%) 
   35-59 38’596.1 (29.7%) 8’132.7 (19.7%) 30’463.4 (34.3%) 
Total 130’116.4 41’181.0 88’935.4 
Demographic and statistical methods 
Classic mortality rates are obtained by comparing the number of deaths 
to the person-years of exposure to risk. Because of left and right censor-
ing5, people do not have the same exposure time. Table 3 explains how 
exposure was considered as a function of the type of entry and the type 
of exit. In this table, the start date is the date of enumeration or the date 
of immigration. 
We used Cox regression to test the effect of the independent variables 
on the risk of overall death. We implemented a competing-risks model 
(Fine, Gray, 1999) to test the effects on cause-specific mortality. The use 
of such a model is justified by the fact that individuals are simultaneous-
ly exposed to multiple risks of death. These risks (deaths of various cau-
ses) are competing, and the expression of one prevents the others from 
                                                          
5. There are different types of entry in the study (by the age group, by immigra-
tion or at the initial enumeration) and different types of exit (from the age group, by out-
migration or the end of observation). 
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taking place. In the competing-risks model, the event of interest is consi-
dered in competition with the other events, which are not distinguished 
from each other. In our case, death occurs as a result either of communi-
cable diseases, of non-communicable diseases, of external causes, or of 
unknown cause (unspecified or VA not done). In other words, when we 
analyse a risk of interest (mortality from communicable diseases, for 
example), all other causes (including the unknown ones) are considered 
as competing causes. 
TABLE 3 Exposure calculation as a function of the type of entry (in line) 
and the type of exit (in column) between January 1st, 
2009 and December 31st, 2011 
  
Exit by out-migration 
before December 31st, 
2011 
Individual turning 
60 during the follow 
up 
Exit at the end of 
observation (Decem-
ber 31st, 2011) 
Individual in the 15-
59 age group before 
the start date 
Difference between 
the start date and the 
date of out-migration 
Difference between 
the start date and 
60th birthday  
Difference between 
the start date and 
December 31st, 2011 
Individual turning 
15 after the start 
date 
Difference between 
15th birthday and the 
date of out-migration 
/ 
(not possible in 3 
years of follow up) 
Difference between 
15th birthday and 
December 31st, 2011 
 
The Cox model and the competing-risks model test if the instantaneous 
risk (hazard or sub-hazard respectively) of experiencing the relevant 
event differs between groups6. These models rest on the «proportional 
hazards» assumption – that is, the relationship of hazards between indi-
viduals in two different groups is constant over time (in this case the 
length of stay in the HDSS).This assumption softens or even becomes 
useless if several covariates vary over time (Allison, 1995). In our case, 
aside from sex, all the covariates used are time-varying. 
In each of our models, the explanatory variables are introduced in one 
step. Because the data analyzed are not sample data, we use bootstrap 
method with 100 replications to get robust confidence intervals. Also, it 
should be noted that considering a potential correlation between the 
three indicators of social inequality (standard of living, level of educa-
tion, type of neighborhood)7, we tested their pair-wise interactions in 
                                                          
6. Hazard and sub-hazard ratios are interpreted exactly the same. Thus, we will 
call both «hazard ratios» when interpreting the results. 
7. The sample indicates, for example, that 57% of adults in informal settlements 
are poor and 52% uneducated; 72% of uneducated adults are non-poor. 
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the models (all-cause and cause-specific mortality analysis). None of 
these interaction effects were significant and we then decided to remove 
them from the models to simplify the interpretation of the results.  
Results 
Descriptive results 
Table 4 presents mortality rates for all-cause and by the broad category 
of causes. It also shows the rates calculated with deaths for which no 
verbal autopsy has been performed, or for which the cause of death is 
left unspecified by the InterVA-4 software, although we will not com-
ment on these results. 
The mortality rate for adults aged 15-59 in the Ouaga HDSS between 
2009 and 2011 is estimated at 2.5 deaths per 1’000 persons per year. 
According to the hypothesis that the mortality of children and the elder-
ly weighs more heavily in all-age mortality, we can consider our results 
consistent with those of the 2006 census, which estimated the crude 
mortality rate for all ages at 5.6 per 1’000 in the Center region where 
Ouagadougou is located (Baya et al., 2009). We observe a relatively low-
er mortality rate among women regardless of cause (difference not sig-
nificant however), and higher mortality rate among adults aged 35-59 
compared to those aged 15-34. 
All-cause mortality rate does not vary by standard of living, but is higher 
for the uneducated (Table 4). Mortality from communicable diseases is 
higher among the uneducated but does not change by type of neighbor-
hood or standard of living. Non-communicable diseases mortality is 
higher for people in formal neighborhoods. However, this group of cau-
se of death is not significantly related to education or wealth, although 
the poorer and more educated people are apparently less likely to die 
from non-communicable diseases. The mortality rate from external cau-
ses does not show any significant difference except that more males die 
from these causes. 
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TABLE 4 Mortality rates (p. 1’000) by group of causes 
  
All 
causes 
Communicable 
diseases 
Non-
communicable 
diseases 
External 
causes of 
death 
VA not done or 
unspecified 
cause of death 
Standard of living         
   Poor 
2.6 
(2.1-3.1) 
0.8 
(0.6-1.1) 
0.8 
(0.6-1.1) 
0.2 
(0.1-0.4) 
0.6 
(0.4-0.9) 
   Non-poor 
2.5 
(2.2-2.9) 
0.6 
(0.4-0.8) 
1.2 
(1.0-1.5) 
0.2 
(0.1-0.3) 
0.4 
(0.3-0.6) 
Education          
   Not educated 
3.1 
(2.7-3.6) 
0.9 
(0.7-1.2) 
1.3 
(1.0-1.7) 
0.2 
(0.1-0.4) 
0.6 
(0.4-0.9) 
   Educated 
2.1 
(1.8-2.5) 
0.5 
(0.4-0.6) 
0.9 
(0.7-1.1) 
0.2 
(0.1-0.3) 
0.4 
(0.3-0.6) 
Type of neighborhood          
   Informal 
2.2 
(1.9-2.6) 
0.7 
(0.5-1.0) 
0.7 
(0.5-0.9) 
0.2 
(0.1-0.3) 
0.5 
(0.4-0.7) 
   Formal 
2.8 
(2.4-3.2) 
0.6 
(0.5-0.8) 
1.3 
(1.0-1.6) 
0.2 
(0.1-0.3) 
0.5 
(0.4-0.7) 
Sex          
   Male 
2.9 
(2.5-3.3) 
0.7 
(0.5-0.9) 
1.2 
(1.0-1.5) 
0.3 
(0.2-0.5) 
0.5 
(0.4-0.7) 
   Female 
2.2 
(1.8-2.6) 
0.6 
(0.5-0.9) 
0.9 
(0.7-1.2) 
0.05 
(0.0-0.1) 
0.5 
(0.4-0.7) 
Age group          
   15-34  
1.4 
(1.2-1.7) 
0.4 
(0.3-0.6) 
0.5 
(0.4-0.7) 
0.2 
(0.1-0.3) 
0.3 
(0.2-0.4) 
   35-59  
5.1 
(4.4-5.9) 
1.2 
(0.9-1.6) 
2.4 
(1.0-3.0) 
0.2 
(0.1-0.4) 
1.0 
(0.8-1.4) 
Total 
2.5 
(2.3-2.8) 
0.7 
(0.5-0.8) 
1.1 
(0.9-1.3) 
0.2 
(0.1-0.3) 
0.5 
(0.4-0.6) 
NB: 95% confidence interval in brackets. 
Based on further analysis with control for place of birth, we observe that 
the all-cause mortality for migrants is higher than for non-migrant resi-
dents (Table 5). The excess mortality of migrants is explained by their 
greater mortality by non-communicable diseases and external causes. 
As expected, age is positively associated-with all-cause mortality both 
among migrants and city natives. Observed social inequalities in mortal-
ity for natives seem to point to the existence of an urban health penalty 
among the urban poor, especially from communicable diseases. Unedu-
cated natives also experience a higher all-causes mortality rate. Natives 
living in informal neighborhoods have a somewhat higher mortality ra-
te, though differences are not significant. Inequalities in mortality 
among migrants, however, are counterintuitive. For mortality from com-
municable diseases, the wealthier migrants have the same death rate as 
poorer migrants, educated migrants have the same mortality rate as 
uneducated migrants, and those who live in informal settlements have 
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the same death rate as migrants in formal areas. In contrast, the mortali-
ty rate from non-communicable diseases is higher among wealthier mi-
grants than among their poorer counterparts, and migrants living in for-
mal neighborhoods also have a higher mortality rate compared to those 
in informal neighborhoods. External cause mortality does not show any 
significant difference, except that male migrants have a higher mortality 
rate for injuries compared to their female counterparts.  
TABLE 5 Mortality rates by cause of death and migration status 
Variables 
Non migrants Migrants 
All causes 
Communi-
cable 
diseases 
Non commu-
nicable 
diseases 
External 
causes of 
death 
All 
causes 
Communi-
cable 
diseases 
Non commu-
nicable 
diseases 
External 
causes of 
death 
Standard of living   
   Poor 
2.4 
(1.7-3.5) 
0.9 
(0.6-1.7) 
1.1 
(0.6-1.9) 
0.0 
 
2.6 
(2.1-3.2) 
0.7 
(0.5-1.1) 
0.7 
(0.5-1.0) 
0.3 
(0.2-0.5) 
   Non-poor 
1.4 
(1.0-1.9) 
0.4 
(0.2-0.6) 
0.6 
(0.4-1.0) 
0.1 
(0.0-0.3) 
3.1 
(2.6-3.6) 
0.7 
(0.5-1.0) 
1.5 
(1.2-1.9) 
0.2 
(0.1-0.4) 
Level of Education   
   Not educated 
2.8 
(1.9-4.1) 
1.0 
(0.5-1.9) 
1.2 
(0.7-2.1) 
0.0 
 
3.2 
(2.7-3.8) 
0.9 
(0.6-1.2) 
1.3 
(1.0-1.7) 
0.2 
(0.1-0.4) 
   Educated 
1.4 
(1.0-1.8) 
0.4 
(0.2-0.7) 
0.7 
(0.4-1.0) 
0.1 
(0.0-0.3) 
2.6 
(2.2-3.1) 
0.6 
(0.4-0.9) 
1.1 
(0.8-1.4) 
0.2 
(0.1-0.4) 
Type of neighborhood   
   Informal 
1.9 
(1.3-2.9) 
0.9 
(0.5-1.6) 
0.7 
(0.3-1.3) 
0.0 
 
2.3 
(1.9-2.8) 
0.7 
(0.5-0.9) 
0.7 
(0.5-1.0) 
0.2 
(0.1-0.4) 
   Formal 
1.6 
(1.2-2.2) 
0.4 
(0.2-0.7) 
0.8 
(0.6-1.2) 
0.1 
(0.0-0.3) 
3.5 
(3.0-4.1) 
0.8 
(0.6-1.1) 
1.7 
(1.3-2.1) 
0.3 
(0.1-0.5) 
Sex   
   Male 
1.6 
(1.2-2.3) 
0.4 
(0.2-0.8) 
0.8 
(0.5-1.3) 
0.05 
(0.0-0.3) 
3.4 
(2.9-4.0) 
0.8 
(0.6-1.1) 
1.4 
(1.1-1.8) 
0.4 
(0.3-0.7) 
   Female 
1.8 
(1.3-2.5) 
0.7 
(0.4-1.2) 
0.7 
(0.4-1.2) 
0.05 
(0.0-0.3) 
2.3 
(1.9-2.8) 
0.6 
(0.4-0.9) 
1.0 
(0.7-1.3) 
0.05 
(0.0-0.2) 
Age Group   
   15-34  
1.2 
(0.8-1.6) 
0.5 
(0.3-0.8) 
0.4 
(0.3-0.7) 
0.1 
(0.0-0.2) 
1.6 
(1.3-2.0) 
0.4 
(0.2-0.6) 
0.5 
(0.4-0.8) 
0.2 
(0.1-0.4) 
   35-59  
4.0 
(2.8-5.6) 
0.7 
(0.3-1.6) 
2.2 
(1.4-3.5) 
0.0 
 
5.4 
(4.6-6.3) 
1.4 
(1.0-1.9) 
2.5 
(2.0-3.1) 
0.3 
(0.2-0.6) 
Total 
1.7 
(1.3-2.2) 
0.5 
(0.4-0.8) 
0.8 
(0.5-1.1) 
0.05 
(0.0-0.2) 
2.9 
(2.6-3.3) 
0.7 
(0.6-0.9) 
1.2 
(1.1-1.4) 
0.2 
(0.2-0.4) 
NB: 95% confidence interval in brackets. 
Multivariate results 
Table 6 and 7 present the results of the multivariate analysis. They con-
tain hazards ratios for all-cause mortality and cause-specific mortality. 
They point out significant inequalities, except for mortality from exter-
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nal causes (Table 6)8 and mortality from communicable diseases among 
the natives (Table 7). Results show the expected higher mortality among 
older adults, regardless of cause of death and this holds both for mi-
grants and natives (Tables 6 and 7). For example, all-cause mortality 
risk increases by 6% with each additional year of life (Table 6). This 
increase is estimated at about 6% among migrants and 5% for natives 
(Table 7). Gender is significantly related to all-cause mortality, with 
women experiencing lower risks (Table 6). This advantage appears to 
be the sum of a lower risk of dying from both non-communicable dis-
eases and external causes, but due to small numbers, the differences are 
not statistically significant for individual groups of causes (Table 6). 
While there is no significant difference by gender for natives, migrant 
women enjoy a lower risk of death.  
Among the three indicators of social inequality, only the type of neigh-
borhood has a significant association with overall mortality. The para-
dox observed in the bivariate analysis where adults living in formal 
neighborhoods have a comparative mortality disadvantage is confirmed 
in the multivariate analysis (HR = 1.35; Table 6). This seems to be due to 
a higher risk of death from non-communicable causes (HR = 1.72; Table 
6). 
TABLE 6 Hazards ratios for all-cause mortality and mortality by cause 
Variables All causes 
Communicable 
diseases 
Non communicable 
diseases 
External causes 
of death 
Standard of living        
   Poor 1 1 1 1 
   Non poor 0.87 0.80 1.28 0.69 
Level of Education        
   Not educated 1 1 1 1 
   Educated 0.92 0.87 0.89 0.85 
Type of neighborhood        
   Informal 1 1 1 1 
   Formal 1.35** 0.98 1.72*** 1.36 
Sex        
   Male 1 1 1 1 
   Female 0.80** 0.97 0.80 0.16 
Age  1.06*** 1.05*** 1.07*** 1.02 
Wald statistic 126.03*** 44.47*** 106.70*** 2.00 
NB: * p < 0.1; ** p < 0.05; *** p < 0.001. 
                                                          
8. The absence of significant relationship is confirmed by the Wald test on the 
overall significance of the model. 
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The multivariate analysis of mortality by migrant status shows that the 
previously mentioned paradox appears only among migrants (Table 7). 
This analysis indicates a higher risk of death for migrants living in for-
mal settlements (HR = 1.41; Table 6), especially from non-communica-
ble diseases (HR = 1.62). Wealthy migrants are also at a higher risk of 
dying from non-communicable diseases (HR = 1.83). 
Among urban natives, in contrast, the relationship with standard of liv-
ing is as expected with better-off natives having lower mortality, pre-
cisely from non-communicable diseases (Table 7). The relationship also 
skews in the expected direction with regards to communicable diseases, 
showing a lower risk of death among the wealthier natives even if the 
difference is not very significant (Table 7). It also goes in the anticipated 
direction when the educated natives are compared to their uneducated 
counterparts, even if the difference is not statistically significant (Table 
7). Urban natives who live in informal neighborhoods are not at a great-
er risk of death. 
TABLE 7 Mortality hazards ratios controlling for migration status 
Variables 
Natives Migrants 
All 
causes 
Communi-
cable diseases 
Non commu-
nicable di-
seases 
All causes 
Communi-
cable diseases 
Non commu-
nicable di-
seases 
Standard of living             
   Poor 1 1 1 1 1 1 
   Non poor 0.53*** 0.53 0.45** 0.99 0.92 1.83** 
Level of Education             
   Not educated 1 1 1 1 1 1 
   Educated 0.74 0.63 0.97 0.98 0.90 0.88 
Type of neighbor-
hood 
            
   Informal 1 1 1 1 1 1 
   Formal 1.24 0.62 2.01 1.41** 1.12 1.62** 
Sex             
   Male 1 1 1 1 1 1 
   Female 1.13 1.78 0.93 0.73** 0.79 0.78 
Age 1.05*** 1.02 1.07*** 1.06*** 1.06*** 1.07*** 
Wald statistic 38.48*** 6.25 29.36*** 164.51*** 47.44*** 103.41*** 
NB: * p < 0.1; ** p < 0.05; *** p < 0.001. 
Discussion 
Based on data for adults aged 15-49 under surveillance by the Ouaga-
dougou HDSS, we found that wealth is apparently not associated with 
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lower mortality and that adults have a higher risk of dying from non-
communicable diseases in formal than in informal settlements. While 
the lack of a significant relationship between wealth and mortality from 
communicable diseases is surprising, the lower risk of dying from non-
communicable diseases in informal neighborhoods is even less expec-
ted. The informal neighborhoods at the periphery of Ouagadougou are 
not marked by particularly high rates of crime or violence. Adults living 
in informal neighborhoods could theoretically have death rates similar 
to those of adults living in formal areas once education and livings stan-
dards are controlled for. Our results, however, show that adults living in 
formal areas face greater risk of dying prematurely compared to adults 
in informal areas, controlling for the other social characteristics. 
These unexpected mortality differentials are noteworthy and lead to the 
question of whether non-poor city dwellers are more inclined to engage 
in the unhealthy urban life styles that lead to non-communicable diseas-
es, and/or whether they have difficulty accessing care for these diseases. 
Our analysis suggests, however, that selective migration and specifici-
ties linked to the migrant status might explain these counter-intuitive 
results. 
African cities are home to intensive migration processes, and informal 
settlements in particular are populated mainly by people born in rural 
areas (Konseiga et al., 2009). Half of Ouagadougou’s rapid population 
growth (from 750’000 inhabitants in 1996 to 1.5 million in 2006) is due 
to migration, primarily from rural areas (Guengant, 2009). Migrants 
tend to be poorer than urban born residents, and they often live in in-
formal parts of the city. Restricting the analysis to people born in Oua-
gadougou, we found that wealthy non-migrant adults are at lower risk of 
death, whatever the cause. As opposed to the hypothesis outlined above 
(which is that wealthier adults may be more prone to engage in un-
healthy life-style and may not be advantaged in accessing health care for 
non-communicable diseases), wealthier adults born in Ouagadougou 
actually fare better in terms of health, both for communicable and non-
communicable diseases in the neighborhoods under study. This is con-
sistent with the literature on the health penalty of urban poor. The re-
sults for residents born outside of the capital (people who migrated to 
the city at some point in their life) are strikingly different. Non-poor 
migrants and migrants living in formal areas have higher risks of dying 
prematurely from non-communicable diseases. 
Selective migration and specificities related to the migration process 
probably explain these mortality differentials specific to migrants. Poor-
er migrants with non-communicable diseases may leave Ouagadougou 
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to seek more affordable health care and greater social support in their 
places of origin (often villages), especially when they live in informal 
areas. This assumption goes in the same direction as the results of a stu-
dy in South Africa where sick and dying migrants in cities move back to 
their villages (Clark et al., 2007). At the opposite, wealthy migrants and 
migrants living in formal areas may be more prone to host family mem-
bers with a non-communicable condition, who came to live with them 
over long periods of time to benefit from the health services available in 
the city and from the support of their wealthy parent (Norman et al., 
2005). Finally, the higher mortality rate from non-communicable dis-
eases among migrants compared to natives suggests that the migration 
process itself may induce stress, a leading factor of hypertension (Din-
Dzietham et al., 2004; Greiner et al., 2004). 
We can only hypothesize here about the reasons for the higher mortality 
from non-communicable diseases by wealthier migrants and migrants 
living in formal areas. Further research is needed to uncover these rea-
sons. This study has two main limitations in addition to the uncertain-
ties related to the verbal autopsy tool. First, we are working with only 
three years of data with a limited number of deaths for analysis. Second, 
we capture migration through a rather simple measure, place of birth, 
which may hide more complex relationships between health and migra-
tion. More years of data will help us distinguish between different types 
of migrants (according to their place of birth, year at arrival in the capi-
tal, duration of stay, etc.). 
Conclusion 
When restricting the analysis to adults born in Ouagadougou, we found 
that the urban poor face an important health penalty, as expected from 
the literature: richer individuals have lower risks of premature death 
whatever the cause (communicable or non-communicable diseases). Na-
tives living in informal areas are at relative greater risks of dying from 
communicable diseases. Adult migrants exhibit very different patterns 
of mortality, which blur the overall picture of health inequalities in the 
city. Wealthier adult migrants do not have a lower risk of dying before 
60; rather, they are at a greater risk of non-communicable mortality. 
Migrants living in formal areas do not have a lower risk of dying before 
60; rather, they are at a greater risk of non-communicable mortality. 
These particular patterns are probably due to selective migration and 
other specificities related to the migration process. These mortality spe-
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cificities of migrants mask the classical social gradient of adult health at 
the periphery of Ouagadougou. These results call for more attention to 
the effects introduced by migration when studying rural-urban and so-
cial differentials of health in Sub-Saharan Africa. 
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